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Abstract 

Background: In recent years, preventive and clinical interventions for cardiovascular risk management have been 
implemented widely in primary care in the Netherlands. Although this has enhanced quality and outcomes of 
cardiovascular risk management, further improvement remains possible. In the planned observational study, we aim 
to examine the role of social networks of healthcare providers and patients in quality and outcomes of 
cardiovascular risk management. 

Methods/Design: In a longitudinal observational study, data on social networks of approximately 300 primary care 
providers from 30 general practices and 900 cardiovascular patients will be collected twice, with a six month 
interval, using a mix of measures. Social networks are documented with specifically designed questionnaires for 
patients, relatives, and healthcare professionals. For each included patient, we will extract from medical records to 
gather data on clinical processes and cardiovascular risk predictors. Data on self-management and psychosocial 
outcomes of patients will be collected using questionnaires for patients. The analysis focuses on identifying network 
characteristics, which are associated with (changes in) cardiovascular risk management or self-management. 

Discussion: This research will provide insight into the role of social networks of patients and providers in 
cardiovascular risk management in primary practice. 

Trial registration: Nederlands Trial Register NTR4069. 

Keywords: Social network analysis, Information sharing, Primary care, Cardiovascular disease 



Background 

Cardiovascular disease (CVD) remains an important cause 
of mortality and reduced quality of life worldwide [1]. In 
2010, CVD was the number one cause of death among 
women and the second cause of death for men in the 
Netherlands [2]. A wide range of preventive and clinical 
interventions targeting the population and patients at risk 
are recommended in prevailing practice guidelines, em- 
phasizing comprehensive cardiovascular risk management 
(CVRM), life style changes, and preventive drug therapy 
[3]. In recent years, many conditions for providing recom- 
mended CVRM have been optimized in the Netherlands. 
These include the publication of a multidisciplinary 
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clinical guideline and organizational standards for gen- 
eral practices, introduction of nurses in general prac- 
tices, nationwide supply of paper-based and online 
patient education tools for CVD-patients as well as 
the general public, and targeted reimbursement for 
chronic illness care in primary care [4]. While these 
developments have improved CVRM, a specific num- 
ber of patients still did not completely receive recom- 
mended CVRM or did not reach target values of 
CVRM [5]. So, the question is what additional deter- 
minants of CVRM and outcomes can be identified and 
addressed to optimize cardiovascular risk management. 

Social network analysis (SNA) offers a new perspective 
on the implementation of evidence-based practice in 
healthcare. Previous research, which used SNA in health 
care, showed that social networks of patients and health- 
care professionals could be measured in a valid way and 
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showed substantial variation [6-8]. Pilot studies in pri- 
mary care in the Netherlands have confirmed the feasi- 
bility and viability of specific measures for documenting 
social networks of information sharing [9-11]. Despite 
these and other studies in health care, insights into 
network-related mechanisms underlying healthcare de- 
livery and self-management (health-related behaviors) 
are still limited. In this study, we will explore the role of 
social networks of healthcare providers and patients in 
the delivery and outcomes of CVRM in primary care. 
Social networks will be constructed using data on in- 
formation exchange between individuals involved in 
CVRM. 

Theoretical background 

The potential relevance of social networks for health out- 
comes is illustrated by a number of studies, which suggested 
that health-related behaviors are not randomly spread in a 
population but associated with social network structures 
[12-14]. This has led to the notion of contagion processes' 
in social networks, which seem to apply to a range of items, 
including infections, information, and behaviors. The under- 
lying mechanisms of contagion patterns are heterogeneous, 
depending on the item of interest. For spread of information 
and behaviours, psychological mechanisms such as imitation 
of successful behaviours, role modelling, social comparison 
and selection of contacts can be drivers of contagion. 

Contagion processes can be either simple or complex. In 
simple contagion processes, a single encounter has direct 
consequences. If applied to the transfer of information, the 
assumption is that access to information is the main enabler 
of uptake. Given the wide range of available information 
sources in health care, including many on the world wide 
web, and resulting information overload for both health pro- 
fessionals and patients, simple contagion may currently be 
rare. In many cases, information needs to be selected, priori- 
tized and positively labeled to be put into action. Thus, a 
single exposure is often not sufficient to lead to change of 
knowledge or behaviors. Complex contagion represents 
spread of items under the influences of intensive, repeated 
and valued contacts. The assumptions of complex contagion 
are consistent with a number of theories. For instance, the 
Diffusion of Innovation Theory proposes that uptake of 
information occurs in most individuals by informal, per- 
sonal contacts rather than through formal education [15]. 

Drawing on previous research and theories on social 
networks and translation of information contagion into 
attitudes and behaviors, several network characteristics 
which may influence the delivery of primary care for 
CVRM by health professionals and self management of 
patients at risk for CVD and with established CVD can be 
inferred. For a schematic representation of the hypothesized 
relations see Figure 1. For healthcare professionals we expect 
a number of social network characteristics to be of 



importance. Firstly, a high density (the proportion of all pos- 
sible connections in a given network that are actually 
present) is expected to be beneficial as it provides multiple 
opportunities for various social influence mechanisms, 
such as for example imitation of successful behaviors 
and social comparison [8,16,17]. Secondly, a high fre- 
quency of contacts (within existing relationships) is ex- 
pected to be important, as this enhances social influence 
and offers protection against egocentric choices [16,18,19]. 
Thirdly, high homogeneity of individuals in a network 
(e.g. regarding educational background) is expected to 
enhance social comparison uptake of information items 
that are disseminated in the network [20]. Fourthly, individ- 
uals with high centrality in a social network are expected to 
be influential as they have many connections and high cen- 
trality has been associated with enhanced knowledge trans- 
fer [21,22]. In healthcare, individuals with high centrality are 
expected to be present in social networks as CVRM- 
coordinators or case managers. Both are purposefully 
created to become highly central individuals in health- 
care delivery networks. Fifth, an informal opinion leader 
may be identifiable in a network. He or she represents a 
person who influences opinions, attitudes, beliefs, motiva- 
tions, and behaviors of others [23]. For these network- 
related factors, it may be noted that the direction of the 
social influence (e.g. better or worse CVRM) depends 
on the content of the information that is shared. 

For patients we also expect network characteristics to 
be important for and related to self-management (that 
is, health behaviors for diet, physical activity, and smok- 
ing). Firstly, the presence of a high number of individuals 
with favorable self-management as previous research 
showed that self-management behaviors (e.g. smoking, 
alcohol use, obesity) are clustered within networks [12-14]. 
Secondly, the effect of having individuals with appropriate 
self-management within ones network should be more pro- 
found when these individuals are also connected to each 
other, with resulting opportunities for multiple social influ- 
ence mechanisms [24]. Thirdly, networks which contain 
few individuals with depressive symptoms may be positively 
related to self-management, as depression has shown to 
have both a contagious pattern in networks [25] and to be 
related to worse health behaviors [26,27] and impaired ef- 
forts for achieving lifestyle change [20]. Fourthly, the pres- 
ence of persons who can provide information on CVRM in 
patients' informal networks (e.g. nurses or physicians) adds 
to the social capital of an individual and can be expected to 
enhance self-management [28]. 

Research aims 

The overall aims of the study are: 

1. To describe social networks of health care 

professionals in primary care involved in CVRM as 
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well as those of patients with established CVD or a 
high risk thereof using a social networks approach. 

2. To explore which characteristics of social networks 
are linked to key aspects of the delivery of high-quality 
CVRM (that is, providing advice and recommended 
treatment) and of patients' self-management. 

3. To explore the influence of several network 
characteristics on changes in delivery of high-quality 
CVRM and in patients self-management. 

4. To evaluate different methods for including patients 
in a study of social networks. 

Key hypotheses 

In summary, the following key hypotheses will be ex- 
plored in the planned research project: 

Hypotheses on health professionals 

Patients are more likely to receive recommended CVRM 
and reach CVRM targets in general practices which have 
social networks characterized by: high density, high fre- 
quency of contact, high homogeneity, an appointed 
CVRM-coordinator who has a high degree of centrality, 
and a consistently identified opinion leader for CVRM. 



Hypotheses on patients 

Patients are more likely to have favorable self-management 
and reach CVRM targets if they have social networks 
which contain: a high number of individuals with adequate 
self-management, a high number of individuals with ad- 
equate self-management who are connected to each other, 
few individuals with depressive symptoms, and individuals 
who provide access to individuals who can provide infor- 
mation on CVRM, particularly health professionals (such 
as nurses or physicians). 

Methods 

Study design 

This observational research is part of the 'Tailored Im- 
plementation for Chronic Diseases' (TICD) project. The 
TICD-project has the overall aim to develop and test 
methods of tailoring implementation interventions to 
determinants of practice in chronic illness care in five 
different chronic conditions in five different countries in 
Europe [29]. 

This study will be performed parallel to a two-arm 
RCT as developed by the Dutch team (trial registration: 
NTR4069). This approach is chosen as it will allow for 
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both the investigation of network characteristics for 
quality of current CVRM care by health professionals 
and self-management of patients and for associations of 
network characteristics with changes in quality of CVRM 
care and self-management after completion of the RCT 
intervention program. The RCT aims at enhancing pri- 
mary care for CVRM by improving professional perform- 
ance of practice nurses [30]. Practice nurses conduct care 
for patients with chronic conditions. They provide pa- 
tients with education and guidance about their disease, 
medication-use, and changes in lifestyle and independ- 
ently perform consultation hours and regular checkups. 

For this RCT, comparing an intervention vs a control 
(postponed intervention) group, a tailored intervention 
package has been developed which offers practice nurses 
several options for enhancing their knowledge on CVRM 
and counseling skills. Additionally, the package provides 
recommendations for referral of patients. This package 
consists of training and feedback on motivational inter- 
viewing technique and an e-learning program on CVRM. 
Also, practice nurses will be advised to pay particular at- 
tention to the presence of depressive symptoms and 
plan action according to these as patients with CVD 
have a higher risk for experiencing depressive symp- 
toms [27] with concomitant impairments in altering 
self-management [20]. More specifically, practice nurses 
are recommended to refer patients without depressive 
symptoms to e-health learning modules, patients with 
mild depressive symptoms to a physical exercise group, 
and patients with severe depressive symptoms to psycho- 
logical help as appropriate in their practice [30]. Data on 
professional performance of practice nurses, patients' self- 
management and treatment outcomes will be measured at 
baseline and follow-up at six months after the start of this 
intervention [30]. 

In the present research we will measure characteristics 
of social networks of health professionals and patients at 
the start of the intervention program and after comple- 
tion of it. Social networks will be constructed on informa- 
tion exchange on CVRM purposes. Data on professional 
performance of health professionals and self management 
and CVRM treatment targets of patients will be collected 
by patients' medical file extraction, self-report question- 
naires and telephone interviews. Additionally, we will 
measure network characteristics of so called alters' of 
health professionals and patients. An alter represents an 
individual who has contact with the person under investi- 
gation, typically family members for patients and other 
healthcare providers for healthcare professionals. 

Ethical approval 

The Medical Ethical Committee of Radboud University 
Nijmegen Medical Centre has waived approval for both 
the social network study and the RCT study [30]. 



Sample 

The sample will consist of health care professionals, pa- 
tients with high risk for CVD or established CVD and 
their alters. 

Health care professionals 

We will include all health care professionals working in 
general practices participating in the RCT and who are 
involved in patient care (typically, general practitioners, 
practice nurses, and practice assistants). Based on power 
calculations in the RCT, 30 practices are planned to be 
included. 

Patients 

Eligible patients are adults aged 18 or older, with high 
risk of CVD or established CVD and who are capable of 
providing informed consent [30]. Patients with high risk 
for CVD have a risk score of 20% or higher of 10-years- 
morbidity and mortality due to CVD. International Clas- 
sification of Primary care (ICPC) codes will be used to 
extract eligible patients from medical records. Exclusion 
criteria are: diabetes mellitus, pregnancy and lactation, 
terminal illness, cognitive impairments, and poor lan- 
guage skills. Per practice we plan to include 15 patients 
with established CVD and 15 at high risk. 

Alters 

Alters of health care professionals will comprise individ- 
uals with whom information on CVRM is exchanged but 
who are not part of the general practices' network, as 
well as opinion leaders from outside general practices. 
We aim to include all alters of health care professionals. 

Alters of patients include key individuals for informa- 
tion exchange, which most likely will be spouses or chil- 
dren of patients. We aim to include up to four persons 
considered to be important for dealing with patients' 
condition or disease as indicated by the included pa- 
tients in our measurements. 

Recruitment process and data collection 

Specific details regarding the inclusion procedure of gen- 
eral practices and patients in the intervention are de- 
scribed in the protocol of the RCT [30]. For the RCT, all 
interventions and data collection procedures were planned 
to be performed from July 2013 until June 2014. The re- 
cruitment process and data collection procedures on behalf 
of these network studies will be performed parallel to the 
data collection of the RCT. Data collection procedures for 
social networks of health professionals and patients were 
planned in the same period, with some extension for pa- 
tients needed until July 2014 because of our invitation pro- 
cedures (see p8 for details). As data collection procedures 
for alters of health professionals start after receipt of com- 
pleted questionnaires of health professionals and patients 
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themselves, we expect to complete these procedures in 
August 2014. For a flow chart of the studies, see Figure 2. 

Health care professionals 

The RCT will start with an outreach visit in which a 
comprehensive explanation of the RCT study and net- 
work measurements on behalf of the present research 
will be provided to practice nurses. Outreach visits will 
be performed by a trained practice consultant. A prac- 
tice consultant is an expert in coaching and advising 
general practices in processes of change and improve- 
ment. Before these practice visits, names of persons who 
are involved in patient care in general practices will be 
derived online and checked for accuracy by practice 
nurses and will be used to generate personalized net- 
work rosters. These network questionnaires will be handed 
over to practice nurses during practice visits so that she or 



he can spread these to other health professionals within 
the general practice. Health professionals within general 
practices typically will be general practitioners, practice 
nurses, and practice assistants. A letter which contains 
comprehensive information on the network study will be 
enclosed to the questionnaire. Prepaid envelopes will be 
provided for returning filled out questionnaires. 

Alters of healthcare professionals 

For including alters of health professionals, names, pro- 
fession, and contact details will be extracted from com- 
pleted network questionnaires of health professionals 
working within general practices. Invitation letters and 
network questionnaires will be mailed to alters within 
two weeks after receiving these completed question- 
naires. When none or insufficient contact details are 
provided, we aim to collect these by using an Internet- 
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search. Criteria entered in the Internet search will vary 
depending on information provided. We mainly will use 
Google for finding details needed. 

Patients 

Patients will be selected from the general practices' elec- 
tronic data base using ICPC codes during practice visits 
of the RCT. They will receive a questionnaire booklet at 
the start and end of the intervention period on behalf of 
the RCT [30]. For inclusion in the network study, we will 
include three basic network questions (see Additional file 1) 
in this questionnaire booklet followed by an invitation for 
participation in the network study. An informed consent 
form will be enclosed and will be returned along with the 
questionnaire booklet of the RCT. During the inclusion of 
the first six practices, patients will be randomized into one 
of two groups. The first group will receive an invitation in 
the questionnaire booklet to participate in the network study 
by a telephone interview. The second group will be invited 
by the choice to participate by 1) a telephone interview or 2) 
a paper-based questionnaire. After inclusion of these prac- 
tices we will invert the design for another six practices so 
that the first group will receive an invitation to participate in 
the network study by a paper-based questionnaire and the 
second group will be invited by providing the choice to par- 
ticipate by either 1) a paper-based questionnaire or 2) a tele- 
phone interview. These response groups are included so 
that we will be able to compare which approach is most 
feasible for including patients in network measurements as 
current research on this is scarce. For inclusion of patients 
from additional practices, we will employ the inclusion 
method as assessed to be most feasible. The basic questions 
are incorporated in the RCT questionnaire to ensure that 
basic data for all patients is included. Questionnaires will be 
send and interviews will be held approximately two weeks 
after receipt of accepted invitations. 

Alters of patients 

Patients are asked to spread questionnaires to their al- 
ters, for which specific instructions will be provided in 
their own questionnaires or during interviews. For this 
purpose, patients will receive four additional question- 
naires; one for their personal opinion leader (specified 
on network questionnaires as 'the person considered to 
be most important for dealing with condition or dis- 
ease'), and three for 'important others' (specified as 
other persons considered to be important for handling 
condition or disease') with accompanying information 
letters and informed consent forms. We have chosen to 
include four alter-questionnaires as limited current re- 
search indicates that this is the maximum number of im- 
portant or significant others within patients' networks 
[31]. Patients and alters can contact TICD researchers 
for additional questionnaires if desired. 



Reminder procedures In case of no response from 
healthcare professionals, we will ask practice nurses to 
remind non responding persons in their general practice. 
In case of no response from patients we will send letters 
as reminders. 

Outcomes & measures 

Primary outcomes for health professionals 

Baseline and 6-month follow-up measures will be con- 
ducted for health care professionals, patients, and their 
alters. 

Health care professionals and their alters 

Main outcomes for health professionals will consist of 1) 
the description of social networks and 2) the hypothe- 
sized effects of several social network characteristics, 
controlled for possibly confounding variables, on profes- 
sional performance of practice nurses and patients' 
health outcomes. Additionally, exploration of effects 
on social network characteristics on changes in profes- 
sional performance after completion of the RCT are of 
main interests. 

Professional performance Professional performance re- 
flects application of recommendations for personalized 
counseling and education of CVRM patients by prac- 
tice nurses. Professional performance is represented 
with a dichotomous score, reflecting adequate or in- 
adequate performance. We will consider personalized 
lifestyle advice as provided by practice nurses to be 
adequate when at least one of the following condi- 
tions is met: 

1. There is a record in the patients' medical file or 
other healthcare provider-based records that the 
patient has received advice on at least one lifestyle 
item as specified in prevailing guidelines of CVRM; 
diet, smoking or physical exercise, and which has 
been relevant for the individual patient in the previous 
six months. At least one target, made up maximally 

15 months ago, for improving an aspect of lifestyle 
should be recorded. Also, practice nurses are required 
to make a register note when a patient has an adequate 
lifestyle. 

2. There is a notation in the patients' medical file that 
the patient has none, mild or major depressive 
symptoms and that the patient has been referred to 
E-health, a physical exercise group, or depression 
treatment respectively. 

Other measurements on health care professionals will 
include 

Descriptive variables Descriptive measures will include 
size of practice (number of staff and patients), profession, 
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and involvement in other organizations or projects and 
will be measured using the Epa Cardio abstraction tool for 
medical audit instrument [32]. 

Information items for constructing social networks 

For constructing social networks we will use a specific- 
ally developed and personalized roster questionnaire (see 
Additional file 2: Appendix 2a for the network question- 
naire for health professionals from general practices par- 
ticipating in the RCT and Additional file 2: Appendix 2b 
for the network questionnaire of alters of health profes- 
sionals). On this network roster, health professionals will 
be asked to indicate their social contacts for CVRM in- 
formation sharing and receiving on two subjects: 

1) medical policy for CVRM in general and on 2) 
CVRM for specific patients. In this network roster, names 
are listed of all persons involved in patient care within a 
general practice so that respondents can tick names of 
persons with whom they share information. Also, space is 
provided for names of persons outside the general prac- 
tice, respondents are asked to fill out these names 
themselves. 

Frequency of contact For measuring frequency of con- 
tact for information sharing, health professionals are 
asked to indicate whether they have been in contact on a 
1) daily/ weekly or 2) monthly/yearly basis with each per- 
son they share information with. 

CVRM-coordinators For the identification of the pres- 
ence of CVRM-coordinators within general practices we 
will ask health professionals to list the name(s) of the 
person(s) responsible for coordination of CVRM within 
the particular general practice. 

Opinion leaders For the identification of opinion leaders 
we will ask health professionals to write down the name 
and occupation of the person they consider to have a sig- 
nificant influence on their current practice in CVRM'. 
Health professionals will be instructed that this person 
can be anyone from inside or outside the general practice, 
and that the influence this person has had can be either 
current or from the past. 

Priority for preventive treatment and CVRM targets 

For determining whether social network characteristics 
are related to certain attitudes on clinical processes for 
CVRM, and whether these attitudes are more or less 
present in certain social networks, we will measure pri- 
ority for preventive treatment and achievement of CVRM 
targets by presenting five statements containing general 
recommendations and targets for CVRM (e.g. Tor patients 
with a high risk for CVD, strive for a systolic blood pres- 
sure < 140 mmHg'). These items were selected from 



current guidelines and previous research indicated [32] 
that primary care for these items can be enhanced. 
Health professionals are asked to indicate on a 5-point 
Likert scale (1: totally unimportant - 5: highly import- 
ant) how important they consider a change in direc- 
tion of the presented target' as indicator for priority 
for preventive treatment and achievement of the pre- 
sented target' as indicator for priority for CVRM targets. 

Primary outcomes for patients 
Patients and their alters 

Main outcomes for patients will consist of 1) description 
of social networks, 2) response rates after different invi- 
tations for participation in the network study, and 3) the 
hypothesized effects of several social network character- 
istics, controlled for possibly confounding variables, on 
self-management and health outcomes. Additionally, ex- 
ploration of effects of social network characteristics on 
changes in self-management and health outcomes after 
completion of the RCT are of main interest. 

Response rates One of the main outcomes for patients 
are response rates of including patients by inviting them 
with either 1) an invitation with one option to partici- 
pate in the social network study or 2) an invitation to 
participate in the research with two options so that pa- 
tients can indicate their preference for participating by a 
telephone interview or a paper-based questionnaire. 

Self-management Self-management will be measured 
using a composite questionnaire on physical activity; 
Rapid Assessment of Physical Activity (RAPA), 9 items 
[33], diet; reduced Rapid Eating and Activity Assessment 
(REAP-s), 12 items [34], and smoking; (MID-SIZED Model), 
8 items [35]. 

Scores on the RAPA > 5 indicate sufficient physical ac- 
tivity. The REAP-s asks how often persons engage in 
particular diet patterns in a regular week (e.g. high sugar/ 
calorie sweets and beverages intake), using four response 
categories ('often/usually', sometimes', 'rarely', and (for 
items where appropriate) not applicable'). Patients who 
score < 5 items on the REAP-s as often/usually' will be 
considered to have a healthy diet. Current smoking status 
is indicated by a dichotomous score (yes/no). 

Health outcomes Health outcomes will consist of SBP, 
cholesterol, and risk score. Thresholds for desired treat- 
ment values for SBP and cholesterol may differ for pa- 
tients at risk, with established CVD, patients of certain 
ages, and according to individual targets set in agree- 
ment with treating health professionals and will be ana- 
lyzed accordingly. Risk scores, only applicable to patients 
without established CVD, will be calculated using prevail- 
ing risk estimation tables [36]. The following parameters 
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will be used in the calculation: age, gender, smoking sta- 
tus, systolic blood pressure (SBP) and total cholesterol/ 
HDL-cholesterol ratio. The Epa Cardio abstraction tool 
[31] for medical audit will be used for abstracting these 
health outcomes. 

Other measures on patients will include 
Descriptive variables Descriptive measures will include 
age, sex, ethnicity, marital status, educational level, and 
social economic status (SES). For data collection we will 
use a questionnaire containing items from the Epa car- 
dio abstraction tool [32]. 

Information items for constructing social networks 

For constructing and measuring social networks, pa- 
tients are asked to indicate on a network roster from 
which persons they have received information on 1) 
medical treatment, 2) handling their condition or dis- 
ease, and 3) practical help. We will provide a specifically 
developed and personalized roster questionnaire with 
names and disciplines of health professionals from their 
general practices (see Additional file 3: Appendix 3a). 
Patients are offered the possibility to add names of other 
persons (healthcare professionals/people in personal cir- 
cle) they have received information from. 

Alters are asked to indicate on a network roster to 
which persons they have provided information on 1) 
medical treatment, 2) handling their condition or dis- 
ease, and 3) practical help using a specifically developed 
and personalized roster questionnaire (see Additional 
file 3: Appendix 3b). 

Frequency of contact For measuring frequency of 
contact, patients will be asked to indicate how often 
they have received information from persons who 
have provided information in the last year. Similarly, 
alters will be asked how often they have provided 
information. 

Central care providers A central care provider repre- 
sents the health professional patients will contact first 
when they have questions regarding a specific condition 
or disease and who coordinates care when multiple 
health professionals are involved in treatment. 

For identification of central care providers we will ask 
patients to write down the name of the person they con- 
sider to be their central care provider for CVRM, speci- 
fied as 'the first person they would approach in case of 
uncertainties or troubles regarding their condition or 
disease'. 

Opinion leaders For identification of opinion leaders 
patients will be asked to write down the name of the 
person they consider 'to be most important for dealing 



with disease or lifestyle'. Patients will be instructed that 
this person doesn't need to be most important' for a 
specific reason and that this person doesn't need to be 
part of the patient's personal environment. 

Number of alters with appropriate self-management 

For assessing what number of alters in patients' net- 
works have adequate self-management we will ask pa- 
tients to indicate whether he/she believes that their 
indicated alters smoke, have a healthy diet, and engage 
in sufficient physical activity. In addition, we will ask al- 
ters of patients to complete questionnaires on their life- 
style habits (smoking; (MID-SIZED Model, 8 items [35]), 
diet; reduced Rapid Eating and Activity Assessment 
(REAP-s), 12 items [34], and physical activity; Rapid 
Assessment of Physical Activity (RAP A), 9 items [33]. 

Connectedness of alters For assessing whether alters of 
patients are also connected to each other, we will use in- 
formation from the network rosters completed by all al- 
ters of a given patient. 

Number of alters with depressive symptoms For 

assessing whether alters with depressive symptoms are 
present in patients' networks we will ask alters of patients 
to complete the Patient Health Questionnaire (PHQ-9) 
[37], which is a short questionnaire for depression. 

Number of alters providing access to CVRM informa- 
tion For assessing how many persons who can provide 
access to CVRM information are available in patients' 
social networks we will ask patients to indicate how 
many of the persons from whom they receive CVRM re- 
lated information have a medical occupation or have 
been educated for this. 

Personal characteristics For assessment of personal 
characteristics of patients we will measure patient activa- 
tion (Patient Activation Measure, PAM [38]), therapy 
adherence {Medication Adherence Measure [39]), quality 
of life (EQ-5D [40]), and depressive symptoms (Patient 
Health Questionnaire, PHQ-9 [37]). Alters of patients 
will complete the PHQ-9. Higher total scores on these mea- 
sures will indicate higher patient activation, therapy adher- 
ence, quality of life, and depressive symptoms respectively. 

Sample size calculation 

The RCT study, in which the present research is embed- 
ded, is powered to detect a 15% difference in provided 
personalized lifestyle advice by including 900 patients 
clustered within 30 practices [30]. For the present re- 
search, we calculated the sample size for detecting a 15% 
difference in response rate of patients who are approached 
by 1) an invitation for participation in this study with a 
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telephone interview) and 2) the choice for participating by 
a telephone interview or a paper-based test. Assuming 
alpha is 0.05, power of 0.80, a response rate of 50% in the 
first group and 65% in the second group, we estimated that 
we need to include 338 patients. 

Data analysis 

We will use UCINET for constructing and obtaining so- 
cial network parameters of general practices on broad 
and specific information exchange and general informa- 
tion receipt networks of patients. The statistical package 
R will be used for all other analyses. All data analyses 
will be based on 'intention to treat'. 

Construction of network characteristics 

Density represents the proportion of all possible connec- 
tions in a network that are actually present. Homogeneity 
represents the similarity of persons within clusters. Simi- 
larity of persons will be assessed regarding priority given 
to preventive treatment and CVRM targets, and other 
individual characteristics. Centrality is a measure for the 
extent to which a network is organized around a single 
person and can be divided into in- and outdegree 
centralization. The first specifies information flow from 
various network members to a single person, the latter 
whether information flows from a single person to the 
other network members. 

Statistical analyses 

Response rates for health professionals and patients will 
be determined. For patients we will compare response 
rates between the patient group invited by either a single 
option for participation and the group that will be of- 
fered the choice to participate by either a telephone 
interview or a paper-based test in order to assess which 
method is most feasible for including them in social net- 
work research using X 2 tests. 

Reliability of reported social network connections will 
be investigated by examining the proportion of all pos- 
sible connections that will be mutually reported present 
or absent (reciprocity coefficients in non-directed net- 
works). In accordance with guidelines on handling miss- 
ing values, we will substitute these by values as provided 
by responses of other individuals. In case of no informa- 
tion on connections, we will indicate no contact by a fill- 
ing in a zero in the data [41]. 

For describing social networks of health professionals 
and patients we will compute network parameters and 
provide visualization by using graphic displays. Random 
permutation tests will be used for comparisons of net- 
work characteristics. 

For testing our hypotheses and further explorative 
analyses, controlling for potential confounders, we will 
use multivariate logistic regression models to investigate 



the effect of social networks characteristics on profes- 
sional performance of practice nurses and patients' self- 
management and health outcomes. 

In the analysis of professional performance of practice 
nurses regression models will include six network charac- 
teristics (density, frequency of contact, homogeneity, pres- 
ence of informal opinion leaders and CVRM-coordinators, 
and centrality) as predictors of main interest. As control 
variables we will include trial arm (intervention vs control 
group), personal characteristics (amongst others education, 
years of experience in profession), and practice charac- 
teristics (practice size, involvement in other projects or 
organizations). 

In the analyses of self-management and health out- 
comes in patients, several multivariate logistic regression 
models will be estimated. For self-management, separate 
models will be estimated on physical activity, diet, and 
smoking. For health outcomes, separate models will be 
estimated on SBP, cholesterol, and risk score. Models 
will include four network characteristics as predictors: 
number of alters with favorable health behaviors, who 
are also connected among each other, number of alters 
with depressive symptoms, and number of alters who 
can provide CVRM-related information. The regression 
models will be controlled for trial arm (intervention vs 
control group), patient group (high risk or established 
CVD), and several personal characteristics: age, sex, eth- 
nicity, marital status, SES, patient activation, therapy ad- 
herence, and depressive symptoms. 

Two approaches will be used to investigate effects of 
social network characteristics on change in professional 
performance of practice nurses and self-management 
and health outcomes of patients after the intervention 
period at six month follow-up. First, follow-up outcomes 
measures will be treated as dependent variables. We will 
estimate similar models as described above and include 
baseline measures of outcomes of interest as predictors. 
Second, we will consider change as the difference be- 
tween the baseline- and follow-up measures of the di- 
verse outcomes of interest. Ordinal logistic regression 
models will be estimated, with change represented in 
three categories; a shift from inadequate to adequate 
outcomes, no change, and shift from adequate to inad- 
equate outcomes. 

Discussion 

Although many efforts to improve primary care for 
CVRM have been conducted, recent research shows that 
improvements remain possible [32]. The wide range of 
approaches aimed at improvement in primary care sig- 
nals the need for the identification of new opportunities 
for enhancing CVRM. Social network analysis may be a 
promising approach to provide these needed new in- 
sights. The results of this study can be of practical 
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importance for clinicians and policymakers involved in 
maintaining and enhancing quality of health care by en- 
hancing the understanding of certain characteristics of 
networks and their associations with positive or negative 
quality of CVRM care. Such insights can provide guid- 
ance to efforts aimed at improving functioning of net- 
works. For example, if high homogeneity is found to be 
present in social networks and can be associated with 
high quality CVRM-care or change into this direction, 
future efforts aimed at enhancing health care can consider 
this network characteristic when composing health-care 
teams. Also, the results of this research can have a clinical 
importance by clarifying the role and importance of pa- 
tients' social environments for handling disease and main- 
taining or altering self-management. These insights can 
provide input for future research and interventions aiming 
at improving self-management of patients. 

Additional files 



Additional file 1: Basic network questions patients. 

Additional file 2: Appendix 2a Network questionnaire for health 
professionals. Appendix 2b Network questionnaire for alters of health 
professionals. 

Additional file 3: Appendix 3a Network questionnaire for patients. 

Appendix 3b Network roster for alters of patients. 
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